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Abstract: Following reports of dramatic declines in managed and feral honey bees from nearly every region
of North America, scientists and resource managers from the U.S., Mexico, and Canada came together to re-
view the quality of the evidence that honey bees as well as other pollinators are in long-term decline and to
consider the potential consequences of these losses on the conservation of biodiversity and the stability of the
yield of food crops. These experts in pollination ecology confirmed that the last 5 years of losses of boneybee
colonies in North America leave us with fewer managed pollinators than at any time in the last 50 years and
that the management and protection of wild pollinators is an issue of paramount importance to our food
supply system. Although there are conclusive data that indicate 1200 wild vertebrate pollinators may be at
risk, data on the status of most invertebrate species that act as pollination agents is lacking. The recommen-
dations from a working group of over 20 field scientists, presented bere, have been endorsed by 14 conserva-
tion and sustainable agriculture organizations, research institutes, and professional societies, including the
Society for Conservation Biology. Among the most critical priorities for future research and conservation of
pollinator species are (1) increased attention to invertebrate systematics, monitoring, and reintroduction as
part of critical babitat management and restoration plans; (2) multi-year assessments of the lethal and suble-
thal effects of pesticides, berbicides, and babitat fragmentation on wild pollinator populations in and near
croplands; (3) inclusion of the monitoring of seed and fruit set and floral visitation rates in endangered
plant management and recovery plans; (4) inclusion of babitat needs for critically-important pollinators
in the critical babitat designations for endangered plants; (5) identification and protection of floral reserves
near roost sites along the “nectar corridors” of threatened migratory pollinators; and (6) investment in the
restoration and management of a diversity of pollinators and their babitats adjacent to croplands in order to
stabilize or improve crop yields. The work group encourages increased education and training to ensure that
botbh the lay public and resource managers understand that pollination is one of the most important ecologi-
cal services provided to agriculture through the responsible management and protection of wildland babitats
and their populations of pollen-vectoring animals and nectar-producing plants.

Consecuencias Potenciales de la Disminucion de Polinizadores en la Conservacion de la Biodiversidad y la Estabilidad
en la Produccion de Cosechas de Alimentos

Resumen: Debido a los constantes reportes de disminuciones dramdticas de abejas productoras de miel
tanto manejadas como silvestres en casi todas las regiones de Norteamérica, cientificos y manejadores de re-
cursos de Estados Unidos, México y Canada se reunieron para revisar la calidad de las evidencias de que las
abejas, asi como otros polinizadores se encuentran en una disminucion a largo plazo y para considerer las
consecuencias potenciales de estas pérdidas en la conservacion de la biodiversidad y la estabilidad de las co-
sechas de alimentos. Estos expertos en ecologia de la polinizacion confirmaron que los iiltimos cinco avios de
pérdidas de colonias de abejas en Norteamérica nos ubican con menos polinizadores manejados que en
ningin otro momento en los tiltimos 50 afios y que el manejo y proteccion de polinizadores silvestres es un
aspecto de suma importancia para nuestro sistema de abastecimiento de alimentos. A pesar de que existen
datos concluyentes que indican que 1200 polinizadores vertebrados silvestres podrian encontrarse en riesgo,
se carece de datos sobre la situacion de la mayoria de las especies de invertebrados que actian como polini-
zadores. Las recomendaciones de un grupo de trabajo de mas de 20 cientificos, presentadas aqui, han sido
respaldadas por 14 organizaciones de conservacion y agricultura sustentable, institutos de investigacion y so-
ciedades de profesionistas incluyendo la Sociedad para la Biologia de la Conservacion. Entre las prioridades
mas criticas de investigacion y conservacion de especies de polinizadores se encuentran; 1) incrementar el en-
Jfoque en sistematica de invertebrados, monitoreo y reintroduccion como parte del manejo de habitat critico y
Pplanes de restauracion; 2) evaluaciones de varios aiios de los efectos letales y subletales de pesticidas, bherbici-
das y la fragmentacion del bdbitat en las poblaciones silvestres de polinizadores dentro y alrededor de las
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tierras de cosechas; 3) inclusion del monitoreo de semillas y frutas y las tasas de visita en los planes de
manejo y recuperacion de plantas; 4) inclusion de las necesidades de babitat para polinizadores criticamente
importates en las designaciones de babitat critico para plantas amenazadas; 5) identification y proteccion de
reservas florales cerca de sitios de percha a lo largo de “corredores de nectar” de polinizadores migratorios
amenazados; y 6) inversion en la investigacion y manejo de una diversidad de polinizadores y sus babitats
adyacentes a sitios con cosechas para poder estabilizar e improvisar la produccion de las cosechas. El grupo
de trabajo bace un llamado para estimular un incremento en educacion y entrenamiento para asegurar que
tanto el publico como los manejadores de recursos entiendan que la polinizaciéon es uno de los servicios
ecologicos mas importantes aportados a la agricultura a través del manejo responsable y la proteccion de
habitats silvestres y de sus poblaciones de animales vectores de polen y plantas productoras de nectar.

Introduction

The numbers of feral and managed honey bee colonies
have dropped precipitously in the United States in the
last several years—by 25% since 1990—with radical im-
plications for the pollination of both wild plant commu-
nities and agricultural crops (Buchmann & Nabhan
1996; Ingram 1996). Such declines of pollinators are not
limited to honey bees in North America. Worldwide,
nearly 200 species of wild vertebrate pollinators may be
on the verge of extinction (Nabhan 1996), along with an
untold number of invertebrate pollinators (Matheson et
al. 1996). A work session was convened to address the
growing concern that failure to confront the declines in
populations of animals providing pollination services
could have major long-term economic and ecological im-
plications. Currently, government statistics on pollinat-
ing animals focus exclusively on managed honey bees,
so there is no clear documentation of global population
trends for non-Apis bees or other pollinating animal spe-
cies (e.g., bats, beetles, birds, butterflies, flies, moths,
wasps, and some primates). Neither has there been suffi-
cient research into the impacts of pollination problems
nor into providing protection to pollinator species to
avert further agricultural and ecological impacts (Kearns
& Inouye 1997). As biologists, we value diversity and be-
lieve that global problems require global solutions. Our
overarching goal should be to benefit the diverse biolog-
ical and human communities dependent on the health of
the myriad of species of animals providing pollination
services. We focused on the following issues: (1) estab-
lishing a consensus regarding the geographic extent and
magnitude of declines in invertebrate and vertebrate
pollinator species and of the resulting declines in polli-
nation services to native floras and crops; (2) identifying
significant gaps in our knowledge regarding the relative
degree of disruption of relationships between pollina-
tors, crops, and native plants; and (3) making recommen-
dations for monitoring, sustaining, or restoring pollina-
tor populations.
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Invertebrates
Honey Bees (Apis mellifera)

Managed and feral European honey bees throughout the
United States and other countries, such as France and
Germany, are experiencing major population declines as
the result of introduced parasitic mites, pesticide mis-
use, bad weather, or threats from Africanized honey
bees (Matheson et al. 1996). Data are unequivocal for
managed colonies in the United States, where colony
numbers declined from 2.5 million in 1995 to only 1.9
million by late 1996 (USDA National Agricultural Statis-
tics Services 1997). Quantitative data for feral colonies
are available only regionally, but drastic losses are
known (Loper 1995). Parasitic varroa and tracheal mites
are believed to be the primary cause of these declines in
wildlands. But the available data on the demise of feral
colonies have been collected by only a few researchers
from geographically scattered research plots and are not
comprehensive. Data on honey bee colonies in the
United States have historically been taken by state apia-
rists, but, due to budget cuts, few of those positions re-
main. Today, few state departments of agriculture collect
and analyze data even on managed honey bee colonies.
The known consequences of these honey bee declines
on pollination services are scarcely documented for agri-
cultural crops, let alone for wild plant populations of
concern. In several states the lack of pollination by
honey bees has already been blamed for reduced crop
yields, but the magnitude of loss related directly to honey
bee declines is poorly documented. Economic produc-
tion cost increases have been documented for some ma-
jor agricultural crops, such as California almonds, in re-
sponse to shortfalls in the availability of mobile honey
bee colonies (Watanabe 1994). Impacts may in fact be
felt more strongly in home gardens and on small farms
that do not rent managed honey bees but that have relied
on wild bee populations for pollination. Although the
economic value of managed honey bees to U.S. agricul-
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ture has been routinely estimated, it needs to better re-
flect honey bees’ contributions to crop pollination and
fruit yields relative to that of other pollinators (South-
wick & Southwick 1992; Nabhan & Buchmann 1997).

A nationally coordinated effort to address the issues of
honey bee declines is very much needed; it should include

* multidisciplinary research on the long-term impacts of
mites and diseases affecting all honey bees;

* determinations of the pollination efficiency and value
of Africanized bees, which are already major crop pol-
linators for cultivated plants in North America;

* monitoring changes in the density of feral honey bee
colonies using the same methodologies at fixed sam-
pling areas in various regions of North America;

* research on the extent to which sublethal doses of
pesticides disrupt the behavior, reproduction, and im-
mune responses of honey bees to mites and diseases
and other pests;

e programs to reduce pesticide misuse, such as better
regulations regarding warnings on labels of chemicals
toxic to bees, and other educational efforts aimed at
farmers and pesticide applicators;

e educational programs for farm managers, state high-
way departments, and park managers to encourage
sowing of bee forage plants to provide nectar and pol-
len so that beekeepers’ livelihoods can benefit from
sound land management policies and practices;

* promotion of seed mixes and cover crops for land rec-
lamation that are “pollinator friendly.”

Non-Apis Bees and Other Invertebrate Pollinators

Moths, flies, wasps, bees, beetles, butterflies, and other
invertebrates are critically important for ensuring the ef-
fective pollination of both cultivated and wild plants
(Free 1993; Roubik 1995; Buchmann 1996). Although
some population declines have been documented for
non-Apis bees—those solitary bees that do not live in hu-
man-made hives (O’Toole 1993; Aizen & Feinsinger
1994)—we are less confident of the pervasiveness of
population declines for other insect pollinators. Docu-
mentation of a decline in effective cross-pollination as a
result of invertebrate declines is available for only a few
specific situations (Suzan et al. 1994; Washitani 1996).
These and other case studies were accomplished in agri-
cultural and natural settings, where crops and native
plants were shown to suffer reduced fruit- and seed-set,
in part as a result of pollinator scarcity (Tepedino et al.
1996). The existing examples are largely regional or
case-specific, but they are nevertheless highly indicative
of more general global problems and should not be con-
sidered “merely anecdotal” (Nabhan & Buchmann 1996).
There are striking gaps in our knowledge of the interac-
tions between invertebrate pollinators and the plants they
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visit in search of food (Kearns & Inouye 1997). Butterflies,
for example, whose taxonomy and biogeography are per-
haps better known than other insects, are important polli-
nators, yet their exact roles as primary or secondary polli-
nators remain relatively unknown and unappreciated. We
also lack understanding of the variability in the abundance
and diversity of pollinators through space and time. Finally,
economic analyses of the value of pollination services for
field and forest crops have never adequately taken into ac-
count wild invertebrate pollinators. Honey bees are typi-
cally given sole credit for the pollination of the 100-150
major crops grown in the United States, but native bees,
butterflies, moths, and flies play roles for these crops that
are often as or more significant than those of managed
honey bees (Roubik 1995; Buchmann & Nabhan 1996).
To conserve invertebrate pollinators, we see a need for

* increased funding for studies of a diversity of econom-
ically important plant-pollinator relationships, includ-
ing analyses of the life histories and the ecological and
economic roles of flying insects and their pollen or
nectar sources;

* discerning the patterns of interactions among pollina-
tors and plants in exemplary biomes (e.g., rainforests,
grasslands, deserts, temperate forests) with respect to
community structure, degree of generalization, or spe-
cialization of interactions, and ecosystem health;

* long-term monitoring protocols for use in protected
areas that allow the collection of baseline data to es-
tablish benchmarks in order to assess changes in the
diversity and abundance of pollinators through time;

e agreater investment in training invertebrate systemati-
cists in order to overcome the lack of taxonomic ex-
pertise (devoted to the curation of museum collec-
tions and the field sampling of invertebrates);

* multi-year assessments of sublethal and lethal effects
of pesticides and herbicides on wild invertebrate polli-
nator populations in and near croplands;

* development of an endangered invertebrate pollinator
list (i.e., an IUCN Red Book) for national, continental,
and global domains;

e educational campaigns to encourage greater aware-
ness of which species serve as native pollinators for
wild and cultivated plants;

e development of invertebrate pollinator translocation
protocols for ecological restoration projects (Mon-
talvo et al. 1997).

Vertebrates

Bats

Bats are important pollinators in biotic communities in
the tropics, deserts, and many oceanic islands (Fleming
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1993). For example, in arid regions of South and North
America, most species of columnar cacti and many spe-
cies of agave are pollinated by bats (McGregor et al.
1962; U.S. Fish and Wildlife Service 1994; Valiente-Ban-
uet et al. 1995; Petit & Pors 1996). On oceanic islands
such as Samoa, bats pollinate the majority of the domi-
nant rain forest canopy trees (Cox et al. 1991). Many
economically important plants are bat-pollinated, includ-
ing durians, neem trees, wild bananas, timber species of
eucalyptus, and several species of palms (Fujita 1991).

There is unequivocal evidence documenting dramatic
declines for individual species and populations of polli-
nating bats. At least 45 species of bats are of global con-
servation concern, including 9 species presumed extinct
in the wild (Nabhan 1996). Whereas bat pollinators are
endangered in Australia, Africa, North America, South
America, Central America, and Asia, hardest hit are spe-
cies of microchiroptera restricted to individual islands or
archipelagos (Cox et al. 1991). These areas also happen
to be places where other pollinators are scarce or absent.
There remains a lack of definitive studies of pollinating
bat species on large continental land masses, research
similar to the exhaustive study recently done on island
populations of flying foxes (Mickleburgh et al. 1992).

For megachiroptera (fruit bats and flying foxes), the
gravest threats in order of importance are hunting, defores-
tation, introduction of exotic predators, and unpredictable
environmental disturbances such as cyclones. The most se-
rious threats to microchiroptera are habitat fragmentation
and human destruction or disturbance of roosting caves
and mines. Less understood but also believed to be impor-
tant are the effects of environmental contaminants on bat
populations (Clark 1981; Sutton & Wilson 1983).

To make accurate predictions regarding the ultimate
consequences of these declines on plant reproduction,
conservation biologists require better assessments of the
long-term contribution of bat pollination at the commu-
nity level. Population monitoring techniques for pollinat-
ing bats (including studies of roosting behavior, foraging
strategies, determination of home ranges, and the impor-
tance of “nectar corridors” in migration) are still in their in-
fancy (Federal Register 1988), although technologies such
as radio tracking offer innovative opportunities for study.

Several steps are necessary to further the management
and conservation of bats. First we need to pursue long-
term monitoring studies of nectar-feeding bat popula-
tions documenting (1) changing geographical patterns
of species distributions (Koopman 1981), (2) changing
pollinator densities and the extent to which they are due
to anthropogenic effects versus environmental fluctua-
tions, and (3) ecosystem level patterns of plant-bat rela-
tionships. Second, we need to enact legislation and man-
agement protocols to protect vulnerable bat species and
their habitats (especially species in the South Pacific ba-
sin) by reducing the impacts of grazing, mining, logging,
and pesticide use on endangered pollinating bats. Fi-
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nally, we need to increase support for community-level
education on the economic and cultural values of bat
pollination and for the development of feasible conser-
vation strategies for land managers.

Non-flying Mammals

Although a diversity of non-flying mammals visit the
flowers of tropical trees and shrubs, their relative roles
in effective pollination are not well known. Several spe-
cies of lemurs, monkeys, olingos, kinkajous, and tree
squirrels may be effective in cross-pollinating plants
(Janson et al. 1981; Mittermeier et al. 1994). Unfortu-
nately, at least 36 species of these non-flying mammal
pollinators may be at risk of extinction in the wild due
to forest destruction, habitat fragmentation, changes in
canopy structure, and hunting (Nabhan 1996). There is
unequivocal evidence of declines in these species, but
the effects of their diminished activity as pollinators are
poorly documented. Similarly, we remain unsure of the
effects on plant reproduction of population declines of
other mammalian pollinators that are not yet listed as
threatened or endangered species. Of particular concern
is the plight of 17 primate species from Madagascar,
Rwanda, Uganda, Zaire, and Comoro.

An endangered subspecies of lemur in Madagascar,
the black-and-white ruffed lemur, is perhaps the only
vertebrate with the agility and strength to open the flo-
ral bracts of Ravenula madagascarensis (known as the
traveler’s tree) to effect pollination (Kress et al. 1994).
Its numbers have declined so precipitously that protec-
tion of its habitat is among the highest priorities for the
Species Survival Commission of the World Conservation
Union (JUCN) (Mittermeier et al. 1994). Other lemur
species (e.g., Daubentonia madagascariensis) also ac-
cess floral bracts and acquire pollen, but it is unknown
whether they are a pollinator or a predator of the flow-
ers (Mittermeier et al. 1994).

Well-documented case studies of non-flying mammal
pollinators such as the black-and-white ruffed lemur are
few, and substantial gaps remain in our understanding of
the relative importance of nectar-feeding, non-flying
mammals to the pollination of the plants they visit. Veri-
fying successful pollination of canopy trees by mammals
can be exceedingly difficult, and few species have been
rigorously studied (Janson et al. 1981). Although the de-
gree of rarity and rate of demographic declines are much
better known for these mammals than for other taxo-
nomic groups of pollinators, their pollination efficiency
and specificity to particular plants are essentially un-
known. In only a few cases has reduced seed set been
documented where mammalian pollinator populations
are limited (LaMont et al. 1993; Tepedino et al. 1996).

In reviewing the data on non-flying mammals as polli-
nators, we have identified the need for (1) field studies
of TUCN-listed species of lemurs, monkeys, and other
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nectar-feeders to determine how effective and specific
they are as pollinators and which plants they pollinate;
(2) evaluation of flowering trees visited by rare nectar-
feeding mammals with respect to the availability of
other surrogate or alternative pollinators, particularly on
islands or highly fragmented mainland habitats (LaMont
et al. 1993; Montalvo et al. 1997).

Hummingbirds and their Ecological Equivalents

Bird pollination is essential to the reproduction and sur-
vival of many plant species, as demonstrated by the rela-
tionship between Hawaiian honey creepers and en-
demic Hawaiian plants. In tropical and subtropical
habitats of the New World, a substantial proportion of
plants may rely on hummingbirds for pollination (Fein-
singer 1987). Unfortunately, due to habitat destruction,
avian malaria, and other influences, many of these plants
and their specialist bird pollinators have become locally
extirpated or threatened. Currently, at least 26 species
of hummingbirds are sufficiently threatened to be of glo-
bal conservation concern (Nabhan 1996). Their Old
World analogs, the sunbirds, include at least another 7
species at risk. Other Australian, Indonesian, Microne-
sian, and Polynesian hovering birds are also at risk. Some
forces behind these population declines include the de-
struction of habitats and the disruption of trap-lines and
nectar corridors (Janzen 1974).

Although avian demographic studies are generally
more available than those for bats, primates, marsupials,
or invertebrates, we still lack such studies for most hum-
mingbird and sunbird species. Hummingbird scarcity
does not necessarily cause reproductive failure in plants
they serve (Waser 1979; Linhart & Feinsinger 1980;
Feinsinger et al. 1987). But declines in fruit set on a few
plant species resulting from the temporal paucity of hum-
mingbirds have been documented, even in places where
carpenter bees and other animals may play a significant
role in pollinating the same species (Waser 1979). We are
unaware of any hummingbird or sunbird species that is
the obligate pollinator of a particular plant, but it is likely
that these birds play an important role in ensuring “eco-
logical redundancy” (Aizen & Feinsinger 1994).

To better assess potential impacts of hummingbird de-
clines, we need to (1) support training for a larger num-
ber of scientists to monitor and band hummingbirds and
record their floral resources during migration; (2) deter-
mine the minimum levels of trap-line cohesiveness (for
residents) and nectar corridor continuity (for migrants)
required to maintain hummingbird movements, behav-
iors, and population levels; (3) develop a centralized da-
tabase for banding and recapture of migratory humming-
birds and other avian pollinators, including a larger
sample number of individuals and species to ascertain
their migratory corridors; (4) determine the impact of
the decline of “legitimate” pollinators on “cheaters” and
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“robbers” visiting the same floral resources, and rou-
tinely take pollen samples from mist-netted birds visiting
these flowers; and (5) carefully monitor fruit set where
avian population changes are dramatic.

Perching Birds and Parrots

Although most pollination biologists have focused on
nectar specialists like hummingbirds, honey creepers, or
sunbirds, it should be noted that finches, vireos, white-
eyes, and other similar birds often play important roles
as secondary pollinators of many flowering plants. We
lack confidence in the adequacy of studies assessing the
importance of perching birds as pollinators relative to
other floral visitors to the same plants. Certain plants,
however, depend exclusively on perching birds for
cross-pollination (Ford & Paton 1985). Lorikeets (par-
rots) are nonpasserine birds that often play a role in pol-
lination. Over 70 species of passerine birds implicated as
pollinators are also listed by the IUCN as threatened,
endangered, or probably extinct (Nabhan 1996). The
principal causes of endangerment include habitat de-
struction, conversion, and fragmentation; chemical frag-
mentation and pesticide exposure; hunting; and the in-
troduction of exotic plants and birds that have disrupted
native plant-pollinator relationships.

The most problematic gap in our knowledge is deter-
mining which passerine birds serve as legitimate agents
of cross-pollination. Until avian ecologists apply refined
methodologies to evaluate the pollination efficacy of var-
ious passerines, our information will remain incomplete.

To fill information gaps and better manage these avian
pollinators, we have identified the need for (1) a sympo-
sium or research synthesis on passerines as pollinators
to refine and standardize methodologies and to deter-
mine which behavioral and morphological traits predis-
pose passerines to legitimate pollination; (2) verification
of the presumed endangered status of passerine pollina-
tors, matched with efforts to determine and reduce the
pressures leading to their endangerment; and (3) maps
of nectar corridors of migratory passerines and assess-
ment of the degree to which areas for potential wildlife
refuges along these corridors could be delineated.

Plants

The TUCN predicts a global loss of 20,000 flowering
plant species within the next few decades; this will un-
doubtedly lead to the decline of the co-dependent polli-
nators who need them for survival (Heywood 1995).
Pollinators that specialize on particular plant taxa, such
as orchids, are more likely to be at risk than are “general-
ist” pollinators, or plant species that have multiple effec-
tive pollinators. In some cases, the loss of specialized
pollinators will strongly select for self-compatibility, self-
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pollination, and reduced genetic variability in plants, re-
sulting in a possible reduction in their evolutionary
adaptability to environmental change.

Populations of many native plants and their pollinators
are being diminished and lost due to habitat fragmenta-
tion, degradation, and loss (LaMont et al. 1993; Kearns &
Inouye 1997). Chemical habitat fragmentation due to
the use of herbicides to keep deforested patches open
can often aggravate physical fragmentation (Nabhan &
Buchmann 1996). Further, both kinds of habitat frag-
mentation will accelerate the extirpation rate of local
plant populations through inbreeding, genetic drift, and
stochastic processes (Rathcke & Jules 1993).

More research needs to be pursued on habitat alter-
ations that may be leading to a loss of biodiversity, ini-
tially of pollinators and followed soon thereafter by a de-
cline in flowering plant diversity. Burd’s (1994) evaluation
of all available published case studies of reproductive
shortfalls in flowering plants suggested that 62% of the
species definitively studied are pollen-limited, although
the magnitude of this estimate remains controversial.
Other studies have found that pollinator limitation can
reduce seed output by 50-60% in rare plants or plants in
fragmented landscapes (Jennersten 1988; Pavlik et al.
1993; Bond 1995). Although some definitive work on glo-
bal trends in plant extinctions has been done (Koopowitz
et al. 1994), we need more information directly applicable
to specific biomes to determine the magnitude of dimin-
ished pollinator populations or disrupted pollination pro-
cesses on these vegetation types. This information is
needed before important generalizations or discernible pat-
terns that affect remedial techniques can be recognized.

To understand the magnitude of the effects of dimin-
ished pollinator populations and plant declines on eco-
logical processes, we need to (1) allocate more re-
sources to determine the extent to which extensive
pollinator limitation is a natural occurrence in the plant
world and to what extent it is aggravated by anthropo-
genic effects; (2) determine the relative degrees of polli-
nator limitation in fragmented or isolated populations
versus more cohesive or widespread “core” populations;
(3) determine the relative importance to plant reproduc-
tive success of pollinator limitation versus within-plant
resource and genetic limitations; (4) establish monitor-
ing programs to collect information on pollination, seed
set, dispersal, and demographics for federal- and state-
listed plants and those plant species listed by the Con-
vention on International Trade in Endangered Species
(Pavlik 1994; Falk et al. 1996); (5) determine critical hab-
itat needs for federally listed plant species, with specific
instructions for examining and including the habitats
needed for supporting pollinators and seed dispersers
when these may be limiting factors in the survival of
listed species; (6) establish a category of environmental
protection for threatened ecological relationships simi-
lar to those legislated for endangered species and de-
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velop recovery plans accordingly; (7) underscore the im-
portance of plant-pollinator relationships in educational
media such as textbooks on ecology and conservation
biology, elementary, secondary and college curricula, chil-
dren’s books, botanical gardens, natural history museums,
and interpretive materials for parks and natural areas.

Consequences

Community Level

The ecological importance of pollinators in their com-
munities is critical—perhaps outweighing the amount of
attention formerly given them in studies of species di-
versity, population size, or biomass (Roubik 1993). If
keystone plant species such as figs or dipterocarps lose
their pollinators, for example, the entire structure of bi-
otic communities will be dramatically changed (Kearns
& Inouye 1997). In the case of tropical communities
dominated by figs, 80% of the vertebrate species depend
on figs as the basis of their diet (Bronstein et al. 1990).
On oceanic islands with depauperate pollinator faunas,
the loss of a single pollinator may result in a significant
degradation of biodiversity. This is particularly true in
the Southwest Pacific, where extirpation of flying fox
populations will likely lead to cascades of linked extinc-
tions in the island communities (Cox et al. 1991).

In one well-documented case, pesticide impacts on
pollinators led to reductions in blueberry yields, which
then affected a variety of organisms ranging from small
birds and bears to human beings (Kevan 1977). These ef-
fects can be generated over tens of thousands of hect-
ares as a result of imprudent insecticide spraying or fire
suppression and can affect human activities such as crop
production and the wild-plant harvesting traditions of in-
digenous peoples (Peigler 1994; Nabhan & Buchmann
1996). Even when linked extinctions are not docu-
mented, adverse impacts from wide-scale loss of pollina-
tors can ripple through natural and human communities.
Researchers should follow up on unverified reports of
the adverse effects of pollinator loss in the “Brazil nut”
industry of Brazil and Bolivia, where total fruit set failure
has occurred in fragmented populations (Mori 1992). As
discussed before, there are few studies that quantify the
contributions of wildland pollinators to agricultural pro-
duction. Reduction of pollinator faunas may translate
directly into reduced prospects for developing “alterna-
tive pollinators,” especially those recruited from wild-
lands immediately adjacent to farmlands.

Loss of pollinators from a biotic community may not
be easily reversible. We do not know the time scale or
magnitude of natural recolonization, how to remedy the
loss of native pollinators, or even if such remedies are
possible. The impacts of pollinator loss may extend to
birds, spiders, lizards, and other predators of pollinating
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animals. Protected areas are not always of sufficient size
to ensure the maintenance of plant-pollinator relation-
ships over time (Suzan et al. 1994). Pollinator breeding
habitats and roosting and nesting sites may be different
from their foraging sites; all must be considered in pre-
serve establishment. The effects of external threats (em-
anating from beyond reserve boundaries) on pollinators
must be considered in the design of biological preserves.
Chemical fragmentation can exacerbate the effects of
physical habitat fragmentation and is also of concern at
the community level even where native vegetation ap-
pears intact (Nabhan & Buchmann 1996). Together,
these forces may result in large-scale impacts on pollina-
tor faunas. Introduction of exotic species such as preda-
tors and parasites may also have large negative impacts
on pollinators.

Except for recent pollinator extirpations on oceanic
islands (Cox et al. 1991), such ecological impacts are
currently poorly understood. In addition there are sub-
stantial information gaps limiting our understanding of
the persistence of pesticide residues in nectar-feeding
organisms (Kearns & Inouye 1997). We are also con-
cerned that pollinator-mediated hybridization between
genetically engineered crops and cultivated or nonculti-
vated relatives may occur at higher rates in fragmented
habitats, with severe ecological and economic conse-
quences (Ellstrand & Hoffman 1990).

Regional-scale effects are also of concern. Protected
areas along migratory routes are critical to ensuring safe
passage and sustenance of such migratory pollinators as
monarch butterflies, nectar-feeding bats, and certain
hummingbirds. The existing studies are highly indicative
of negative consequences, but we need much more in-
formation to assess the magnitude of this problem. Be-
cause few scientists are trained to assess interactions be-
tween widely different species over large geographic
ranges, we lack a large corpus of definitive studies.

Notwithstanding the recent contributions by Bron-
stein (1994), methodologies remain inadequate to inte-
grate pollinator surveys at the community or landscape
level, particularly in invertebrate taxonomy and plant
systematics. More information is needed on carrying ca-
pacity estimates for pollinators, not only in terms of min-
imum plant population requirements and floral rewards
per unit area, but also the required number of “safe
sites” for roosting or nesting. The recent study of carry-
ing capacity for long-nosed bats in Curacao is exemplary
of what is needed (Petit & Pors 1996).

In general, we have identified the need for (1) recog-
nition that pollination biology is not a narrow subdisci-
pline and that increased emphasis must be placed on
pollination in the training of community ecologists, bot-
anists, entomologists, and resource managers (Kearns &
Inouye 1997); (2) a better focus at primary, secondary,
and higher education levels on how pollination services
benefit society; (3) the refining of pesticide impact stud-
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ies on pollinator faunas, especially to include consider-
ation of setbacks from habitats of pollinators; (4) identi-
fication and protection of major “nectar corridors” for
migration paths of pollinators; and (5) encouragement
of land managers of railroad and highway rights-of-way,
golf courses, arboreta, and community and private gar-
dens to plant appropriate native wildflowers that can
sustain pollinators.

Consequences of Declines of Food Stability

In certain localities and some years, crop yield reduc-
tions have occurred due to pollinator scarcity in combi-
nation with other factors. Crop failures coincident with
cold winter weather or drought may in fact be a func-
tion of adverse weather effects on pollinators. A yield
decline in California almond orchards in 1995 can be at-
tributed to a combination of weather and pollinator loss.
In New Brunswick pesticide use and the resultant de-
struction of pollinators caused a multi-million dollar loss
in the blueberry crop (Kevan 1977). In 1996 in Ontario,
cherry prices rose due to a combination of bad weather
and the presence of mites that parasitized honey bee
pollinators. Historically, alfalfa seed crop losses have
been attributable to pollinator loss (Stephen 1959).
More recently, pumpkin crops in New York have de-
clined for this reason (Watanabe 1994). Cashew nut
crop failures in north Borneo have occurred because
this nut species was moved from its native habitat (Bra-
zil) to the Old World tropics, without a native pollinator
becoming available. Pollinator losses may effect not only
total harvest but harvest quality. Some crops that have
been harvested show evidence (e.g., misshapen or small
fruit) of pollinator failure.

Current biological knowledge pertinent to economic
modeling is inadequate to reconstruct total economic
losses in agriculture from the loss of pollinators. The
economic burden of reduced yields and crop produc-
tion cost increases resulting from honey bee declines
alone has been estimated at $5.7 billion a year (South-
wick & Southwick 1992). Although we suspect losses to
be at least this substantial, more data are needed to
quantify the magnitude of the damage. We need a better
understanding of the relationships among pollinator di-
versity, pollinator abundance, and changes in crop
yields. We are concerned that few studies have followed
the chain from pollinator foraging to crop harvest. We
have relied entirely too much on a single introduced
generalist pollinator, the European honey bee, to carry
out the bulk of agricultural pollination. Even so, there
are no U.S. statistics on how much of a role biology,
weather, and the cessation of honey price support pro-
grams has each played in the decline of managed honey
bee colonies since 1986.

For many crops we do not know the complete cast of
floral visitors, or, when we do, we do not know how ef-
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ficient these floral visitors are. We need careful analyses
of how efficient and reliable different floral visitors are
in accomplishing pollination and cross fertilization. We
also lack basic knowledge of plant reproductive biology
for most common crop plants. In particular, there is a
paucity of literature dealing with the nectar and pollen
availability of newer cultivars, which may differ from
older heirloom crop varieties. We need better under-
standing of the ways in which floral traits shape the effi-
ciency of pollination and how to translate them into im-
proved crop harvests and enhanced agronomic quality.
Even crops that may not require pollination for fiber or
vegetable harvests may require pollination to produce
the seed crop. Some crops that do not require pollina-
tion, such as cotton, can nevertheless produce im-
proved yields and quality when pollinated (Pimentel et
al. 1992). We are certain that variance in annual yields of
crops will increase if pollination continues to be per-
ceived as a “free service” and if no action is taken to halt
population declines and protect pollinators.

With regard to pollination services and food yield sta-
bility, we need to (1) invest in the development or do-
mestication of (non-Apis) alternative pollinators that can
be employed when the services provided by managed
honey bees are inadequate to ensure high fruit set (Batra
1996); (2) discern the reproduction-limiting factors for
cultivated plants, particularly for poorly studied spe-
cialty crops, and determine which insect visitors to
these crops will increase pollination rates; (3) determine
the degree to which intercropping, hedgerows, and
other farm management practices can maintain pollina-
tors by providing increased nesting or foraging sites; (4)
encourage modern crop breeders to consider the floral
attributes of interest to pollinators—color, scent, amount
of nectar and pollen, self-incompatibility, and floral mor-
phology—when selecting new horticultural varieties;
and (5) preserve genetic stocks of honey bees as well as
those of alternative managed pollinators.
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